There is controversy regarding specificity of white matter abnormalities in psychosis, their deviation from healthy aging, and the influence of sex on these measures. We used diffusion tensor imaging to characterize putative white matter microstructure in 224 patients with psychosis and healthy volunteers across the age range of 15-64 years. Sixty-five younger (age o30 years; 47M/18F) patients with psychosis (all experiencing a first episode of illness) and 48 older (age ⩾ 30 years; 30M/18F) patients were age-matched to younger and older healthy volunteer groups (N = 63 (40M/23F) and N = 48 (29M/19F), respectively). The trajectories of two inter-hemispheric (splenium and genu), two projection (cortico-pontine and anterior thalamic), and five bilateral association (inferior fronto-occipital, inferior longitudinal, superior longitudinal, cingulum, and uncinate) tracts were quantified using tractography to derive measures of fractional anisotropy and mean, axial, and radial diffusivity. Fractional anisotropy was significantly lower in the inferior longitudinal fasciculus and superior longitudinal fasciculus in all patients compared with all healthy volunteers, with comparable effect sizes observed in both the younger and older patients compared with their respective healthy volunteer groups. Moreover, age-associated differences in fractional anisotropy within these tracts were comparable between groups across the age span. In addition, female patients had significantly lower fractional anisotropy across all tracts compared with female controls regardless of age. Our findings demonstrate comparable putative white matter abnormalities in two independent samples of patients with psychosis and argue against their progression in patients. These data further highlight the novel and potentially underappreciated role of sex in understanding white matter dysfunction in the neurobiology of psychosis.
INTRODUCTION
Diffusion tensor imaging (DTI) is an important tool for characterizing neuroanatomical connectivity deficits in the pathophysiology of schizophrenia and associated psychotic disorders White et al, 2008) . Initial DTI studies reported widespread white matter abnormalities throughout the brain (Lim et al, 1999) and frontal lobes (Buchsbaum et al, 1998) of patients with chronic schizophrenia. Subsequent studies identified white matter abnormalities encompassing much of the brain white matter but consistent with models of frontotemporal dysfunction (eg, see Ellison-Wright and Bullmore, 2009 for a metaanalysis).
Fewer studies have investigated white matter using DTI in patients with psychosis early in the course of illness. Evidence for white matter abnormalities in antipsychotic drug-naive patients with psychosis (Cheung et al, 2008; Szeszko et al, 2005) suggests that they are not an artifact of drug treatment or illness progression. A recent meta-analysis examining eight studies in first-episode schizophrenia reported lower fractional anisotropy (FA) in multiple regions, including the right deep frontal and left deep temporal lobes (Yao et al, 2013) . Some first-episode studies may have a number of limitations, however, including assessment of a few brain regions, inconsistency regarding methods, and small samples. For example, of the 10 firstepisode studies reviewed by Fitzsimmons et al (2013) , all but one had sample sizes of ⩽ 20.
DTI studies comparing younger and older patients with psychosis may clarify the relationship between illness progression and white matter. Several studies reported that white matter abnormalities in first-episode patients are less robust compared with chronic patients (Friedman et al, 2008; White et al, 2011) ; however, these studies focused on limited and/or gross regions of interest and have not used tractography. Moreover, little is known regarding how deviations from the normal developmental trajectory may contribute to psychosis (Peters and Karlsgodt, 2014) . Although several studies reported evidence for accelerated age-associated white matter FA differences in schizophrenia (Kochunov et al, 2013; Rosenberger et al, 2008; Schneiderman et al, 2011; Wright et al, 2014) , others have not (Voineskos et al, 2010) . Possible limitations of prior work include the limited age range investigated, lack of firstepisode patients and/or sole investigation of FA.
Sex is an important consideration in neuroimaging studies of psychosis given that it may influence age at onset, illness progress, clinical manifestation, and antipsychotic treatment response (Abel et al, 2010; Goldstein et al 2013) . Some studies reported sex-specific brain abnormalities linked to resting-state functional (Lei et al, 2015) and structural (Trzesniak et al, 2011) abnormalities. In addition, a prior study investigating structure-function relations in schizophrenia reported that worse executive and motor functioning were associated with less anterior hippocampal volume in male but not in female patients (Szeszko et al, 2002) . Few studies, however, have specifically investigated the role of sex in mediating brain white matter abnormalities in psychosis using DTI. Some data implicate sex steroid effects on the white matter in animal models of schizophrenia, with estrogen providing a protective effect (Gogos et al, 2012) through mediation of BDNF expression and activity (Wu et al, 2013) . Other data suggest a pattern of sexdependent white matter geometric deviations consistent with abnormal 'torque' (Savadjiev et al, 2014) and that age-related sex differences in white matter may be related to axonal radial growth outpacing concomitant increases in myelin thickness (Paus and Toro, 2009) .
We investigated nine white matter tracts using probabilistic tractography in large cohorts of younger (N = 65) and older (N = 48) patients with psychosis compared with ageand sex-matched healthy volunteer groups (N = 63 and N = 48, respectively) using four indices of putative white matter microstructure (ie, FA, axial diffusivity (AD), radial diffusivity (RD), and mean diffusivity (MD)) and the potential role of sex. We hypothesized that younger patients would have significant, but less widespread, white matter abnormalities compared with older patients. An additional study goal was to examine age-associated differences in putative white matter microstructure from adolescence through middle adulthood in patients with psychosis compared with healthy volunteers.
MATERIALS AND METHODS

Subjects
Sixty-five younger (age o30) psychosis patients were recruited from admissions to the inpatient service at The Zucker Hillside Hospital as part of their participation in an NIMH-funded double-blind, randomized, controlled trial comparing aripiprazole with risperidone. Prior antipsychotic medication usage was recorded for patients prior to the MR imaging exam; this was limited to 2 weeks for clinical trial eligibility. Patients were not allowed to receive antidepressants or mood stabilizers as part of the clinical trial. Cogentin and/or propranolol were prescribed for extrapyramidal symptoms as required during the trial. Benzodiazepines (lorazepam) were the only class of medications allowed for antipsychotic-naive patients prior to the MR imaging scan.
All younger patients were experiencing a first episode of psychosis and received a physical exam and laboratory screening to rule out medical causes for this initial episode. Patients had a mean (SD) of 9.6 (7.2) days of antipsychotic treatment prior to the MR imaging exam, excluding 22 patients who were antipsychotic drug-naive at the time of the scan. Mean age at first psychotic symptoms was 18.7 (SD = 3.6). In addition, 48 older (age ⩾ 30 years) patients were recruited at our facility and were receiving the following antipsychotics at the time of the scan (numbers in parentheses): aripiprazole (12), risperidone (7), olanzapine (5), quetiapine (12), ziprasidone (3), haloperidol (4), paliperidone (1), fluphenazine (5), and clozapine (10). Medication information was unavailable for two patients. We used age 30 years as the cutoff between younger and older patients with psychosis based on our prior study indicating that the majority of white matter tracts have achieved maximum FA values by this age .
All patient diagnoses were based on the SCID for Axis I DSM-IV Disorders supplemented by information from clinicians and, when available, family members. Diagnoses for younger patients included schizophrenia (n = 41), schizoaffective disorder (n = 1), schizophreniform disorder (n = 16), or psychosis NOS (n = 7). Older patients with psychosis met DSM-IV criteria for schizophrenia (n = 38), schizoaffective disorder (n = 8), and psychosis NOS (n = 2). Thirty-one younger patients with psychosis and 26 older patients with psychosis met DSM-IV criteria for having a lifetime history of any substance use diagnosis.
Two separate cohorts of healthy volunteers (N = 63; age o30 years and N = 48; age ⩾ 30 years) were recruited from advertisements posted on websites and by word of mouth to match the demographic distributions of younger and older patients. Exclusion criteria for healthy volunteers included the denial of any lifetime history of a major mood or psychotic disorder as determined by clinical interview using the SCID-NP.
Exclusion criteria for all participants included: (a) MRI contraindications; (b) significant medical illness, including Gilles de la Tourette's, Huntington's disease, Parkinson's disease, encephalitis, strokes, aneurysms, tumors, CNS infections, degenerative brain diseases, cognitive disorders (ie, amnesia, dementia, and delirium), and history of cancer; (c) prior psychosurgery; (d) DSM-IV diagnosis of Tourette's syndrome, developmental disorders, autism, and neurological conditions; (e) DSM-IV mental retardation; (f) stroke; and (g) pregnancy. The study was approved by the NSLIJ IRB. Written informed consent was obtained from all individuals and from a parent or legal guardian in the case of minors. Written assent was obtained from all minors.
Magnetic Resonance (MR) Imaging Procedures
DTI exams were conducted at the North Shore Medical Center on a GE 3T system. We minimized movement by stabilizing the head prior to scanning. A total of 36 DTI Age and sex effects on white matter in psychosis A Schwehm et al volumes were obtained from each subject that included 31 volumes with diffusion gradients applied along 31 nonparallel directions with b = 1000 s/mm 2 and, and 5 volumes without diffusion weighting (b = 0). Each volume consisted of 51 contiguous 2.5-mm axial slices acquired parallel to the anterior-posterior (AC-PC) commissural line using a ramp sampled, spin-echo, single shot echo-planar imaging method (TR = 14 000 ms, TE = min, matrix = 128 × 128, FOV = 240 mm).
Image Processing
Image processing was conducted using the Functional Magnetic Resonance Imaging of the Brain Software Library (FSL; Oxford, UK; http://fsl.fmrib.ox.ac.uk/fsl). Eddy-current-induced distortions and head motion were corrected through affine registration of the 31 diffusion volumes to the first b0 volume using the FSL's Linear Registration Tool (Jenkinson et al, 2012) . The b-vector table (ie, gradient directions) for each participant was adjusted according to the rotation parameters of this linear correction. Non-brain tissue was removed using the FSL's Brain Extraction Tool. Measures were calculated at each voxel of the brain by fitting a diffusion tensor model to the raw diffusion data using weighted least squares in FSL's Diffusion Toolbox.
Probabilistic Tractography
The probable trajectories of two inter-hemispheric tracts (splenium and genu of corpus callosum), two projection tracts (cortico-pontine and anterior thalamic radiation), and five bilateral association tracts (inferior fronto-occipital fasciculus, inferior longitudinal fasciculus and superior longitudinal fasciculus, cingulum, and uncinate fasciculus) were traced using previously published methods ( Figure 1 ; . Within-voxel probability density functions of the principal diffusion direction were estimated using Markov Chain Monte Carlo sampling in the FSL's BEDPOSTX tool (Behrens et al, 2003) . A spatial probability density function was then estimated across voxels based on these local probability density functions using the FSL's PROBTRACKX tool, in which 5000 samples were taken for each input voxel with a 0.2 curvature threshold, 0.5-mm step length, and 2000 steps per sample.
For each tract, seed masks, way-points, termination, and exclusion masks were defined on the MNI152 T1 1-mm template, using the FMRIB58 FA template as a DTI-specific reference. Masks were normalized to each subjects' diffusion space using FLIRT, inverting the affine parameters obtained by co-registering the first b0 volume to the MNI152 1-mm T1 brain. The resulting tracts were thresholded at a normalized probability value (available for each tract in the Supplementary Material of and visually inspected to confirm successful tracing in each individual. Normal probability values indicate the weighting assigned to each tract to ensure that the most likely tracts were included in the measurement. Successful tracing was defined as the program generating the tract and following visual inspection in all planes by an individual trained in neuroanatomy for consistency with standard neuroanatomical atlases. Masks are available upon request. We did not reject any tracts in this study that were included in any of our previous studies.
Statistical Analysis
We used repeated-measures ANOVA with group (patients vs healthy volunteers), age group (younger vs older), and sex as between-subjects factors. White matter tract (splenium of corpus callosum, genu of corpus callosum, cortico-pontine tract, anterior thalamic radiation, inferior fronto-occipital fasciculus, inferior longitudinal fasciculus, superior longitudinal fasciculus, cingulum, and uncinate fasciculus) served as a within-subjects factor in four separate analyses investigating the white matter measures. The GreenhouseGeisser correction was used in each analysis because Mauchly's test of sphericity was significant. We averaged right and left hemisphere measures to reduce Type-I error given the lack of significant group × hemisphere interactions. Effect size measures are represented as eta-squared, which can be interpreted as small (~0.02), medium (~0.13), and large (~0.25). Pearson's product moment correlations were used to investigate the relationship between age and white matter measures in tracts that differed significantly between Figure 1 Illustration of the superior longitudinal fasciculus (red) and inferior longitudinal fasciculus (blue) assessed using probabilistic tractography. A full color version of this figure is available at the Neuropsychopharmacology journal online.
Age and sex effects on white matter in psychosis A Schwehm et al groups. We tested the difference between groups using Fisher's r-to-z transformations. In addition, we tested the group-by-age (and age 2 ) interaction for white matter tracts that differed significantly between groups to identify possible group differences in age-associated white matter differences across the age span. All analyses were two-tailed with alpha set to 0.05.
RESULTS
Demographic and clinical characteristics are provided in Table 1 . The younger and older patient cohorts did not differ significantly from their respective healthy volunteer cohorts in distributions of age and handedness either when analyzed separately by sex or not (ps40.05). Education differed significantly between younger female patients compared with younger female healthy volunteers and between older male patients and older female patients compared with their matched older healthy volunteer groups, respectively. Mean (SD) Brief Psychiatric Rating Scale score was 43.8 (SD = 8.8) for younger patients and 32.1 (SD = 7.8) for older patients. Average illness duration for first-episode and chronic psychosis patients was 1.9 years (SD = 2.3) and 24.7 years (SD = 10.8), respectively. Mean values for the diffusion measures are provided in Table 2 for descriptive purposes only.
There were significant main effects of group for FA, RD, and MD. Overall, compared with healthy volunteers, patients had lower FA (F = 9.79, df = 1, 213, p = 0.002), higher MD (F = 6.82, df = 1, 213 p = 0.01), and higher RD (F = 10.46, df = 1, 213, p = 0.001) across all white matter tracts. There was a significant (F = 2.20, df = 5.57, p = 0.045) group × tract interaction for FA, indicating that patients differed from healthy volunteers in some tracts but not in others. Specifically, FA was significantly lower in patients compared with healthy volunteers in the inferior longitudinal fasciculus (p = 0.004; see Figure 1 ) and superior longitudinal fasciculus (p = 0.022; see Figure 1 ). We examined whether substance use might be influencing these findings, but there were no significant FA differences between patients with and without a substance use diagnosis in these tracts.
Post-hoc analyses indicated significant main effects of group for FA in the superior longitudinal fasciculus both in the younger (F = 7.53, df = 1, 123, p = 0.007; effect size = 0.058) and older (F = 4.16, df = 1, 92, p = 0.044; effect size = 0.043) patient groups compared with their respective healthy volunteer groups. Similarly, the main effect of group was significant in the younger (F = 6.10, df = 1, 124, p = 0.015; effect size = 0.047) and older (F = 7.05, df = 1, 92, p = 0.009; effect size = 0.071) patient groups compared with their respective healthy volunteer groups for the inferior longitudinal fasciculus. No group-by-tract interactions were significant for RD, AD, and MD. In addition, none of the group-by-tract-by-sex interactions were statistically significant for any of the white matter measures.
Age Effects
Overall, there was a significant main effect of age group such that compared with younger individuals, older individuals had lower FA (F = 20.00, df = 1, 213, po0.001), higher MD (F = 4.70, df = 1, 213, p = 0.031), and higher RD (F = 14.66, df = 1, 213, po0.001) across the white matter tracts. Age correlated significantly and inversely with FA in the inferior longitudinal fasciculus in patients (r = − 0.27, df = 113, p = 0.004) and healthy volunteers (r = − 0.32, df = 111, p = 0.001). Age correlated inversely but not significantly with FA in the superior longitudinal fasciculus in patients (r = − 0.14, df = 111, p40.05) and healthy volunteers (r = − 0.18, df = 110, p40.05). The difference between correlation coefficients was not significantly different between patients and healthy volunteers either in the inferior longitudinal fasciculus (z = − 0.4; see Figure 2 ) or superior longitudinal fasciculus (z = − 0.32; see Figure 3 ). We further tested the age × group and the age 2 × group interactions for FA within the superior longitudinal fasciculus and inferior longitudinal fasciculus. None of the age group-bygroup interactions were statistically significant for any of the white matter measures. These findings were confirmed in the subgroup of patients without a substance use diagnosis and were comparable between patients and healthy volunteers when analyzed separately by sex.
Sex Effects
There was a significant main effect of sex such that males had higher FA compared with females (F = 18.62, df = 1, 213, po0.001) and females had higher RD than males (F = 8.09, df = 1, 213, p = 0.005). There was a significant group-by-sex interaction for FA (F = 15.88, df = 1, 213, po0.001), MD (F = 15.88, df = 1, 213, po0.001), and RD (F = 8.57, df = 1, 213, p = 0.004) such that female patients had significantly lower FA across all the white matter tracts compared with Notes: Data are presented as mean ± SD in parentheses, unless otherwise indicated. Younger is defined as o30 years, whereas older is defined as age ⩾ 30 years. Laterality scores were based on a modified version of the Edinburgh Inventory. The total number of right and left hand items was scored and the laterality quotient was computed: (Total R − Total L)/(Total R+Total L) yielding a range from +1.00 (totally dextral) to − 1.00 (totally nondextral).
Age and sex effects on white matter in psychosis A Schwehm et al healthy female volunteers. Similarly, for both MD and RD this effect was driven by female patients having significantly higher values overall across the tracts compared with healthy female volunteers. Post-hoc analyses investigating sex differences for significant tracts in the omnibus test indicated that female patients had significantly lower FA in the superior longitudinal fasciculus compared with male patients in the younger age group (t = 3.07, df = 63, p = 0.003) and lower FA within the superior longitudinal fasciculus (F = 3.02, df = 46, p = 004) and inferior longitudinal fasciculus (t = 2.34, df = 46, p = 0.023) in the older group.
DISCUSSION
Our data provide evidence for lower FA within the inferior longitudinal fasciculus and superior longitudinal fasciculus in both younger and older patients compared with their respective healthy volunteer groups with comparable effect sizes, suggesting that such abnormalities may reflect a traitrelated manifestation of psychosis. Moreover, our data argue against accelerated aging in psychosis from adolescence through middle adulthood. Strengths of the current study include the use of large sample sizes, young patients studied in their first episode of illness prior to extensive pharmacological intervention, and investigation of multiple indices of putative white matter microstructure. Using manually placed ROIs, Friedman et al (2008) reported significant or trend-level lower FA in chronic patients compared with matched healthy controls in the forceps major/minor, inferior longitudinal fasciculus, and the genu/splenium of the corpus callosum. In addition, they reported lower FA within the inferior longitudinal fasciculus in their first-episode cohort compared with age-and sexmatched healthy volunteers. Compared with our younger (first episode) cohort, the patients from the first-episode cohort of Friedman et al (2008) were, on average, 5 years older, which may be due to their use of patients within 3 years of illness onset. The mean age of their 'chronic' group was nearly identical to the mean age of the older patient group used in the current study. Notably, the effect sizes for the comparison of their first-episode and chronic patient cohorts to their matched healthy volunteer cohorts were highly comparable (−0.50 and − 0.65, respectively) for the inferior longitudinal fasciculus. Similarly, effect size measures (eta-squared) in the current study for this tract were comparable between the younger and older patient cohorts compared with their respective healthy volunteer groups.
In another study, Voineskos et al (2010) investigated white matter tracts in 25 younger patients with schizophrenia (⩽55 years), 25 younger controls, 25 older patients with schizophrenia (⩾56 years), and 25 older controls. These authors reported lower FA in the left uncinate fasciculus and right cingulum bundle in younger patients compared with matched controls. It should be noted that their cohort of young patients with schizophrenia (mean age = 40 years) was comparable to our cohort of older patients with schizophrenia (mean age = 45.5 years), and in that regard, group differences in putative white matter microstructure were observed in cohorts of comparable age, albeit in different regions. Differences in regional specificity between our cohort and Voineskos et al (2010) may relate to sampling differences and methodology (eg, deterministic vs probabilistic tractography). Similar to the current study, they did not observe age-associated differences in their patient cohort, which they attributed to 'resilience' among the older community-dwelling patients.
We did not find any evidence for aging effects on white matter measures either overall across all the tracts or specifically within tracts that differed significantly between patients and healthy volunteers. Two prior studies reported significant age-by-group interactions for whole-brain FA consistent with accelerated age-related differences in patients with schizophrenia compared with healthy volunteers (Kochunov et al, 2013; Wright et al, 2014) . Differences between our study and prior studies may relate to sampling differences and our investigation of aging effects within discrete white matter tracts (in contrast to white matter across the entire brain). Furthermore, differences in illness severity among patients at the older age range, including the use of deficit patients (Voineskos et al, 2013) , could conceivably influence age-associated differences in FA across the age span, especially given prior work indicating that lower FA across the schizophrenia spectrum was associated with greater symptom severity (Lener et al, 2015) .
Our study also highlights the role of sex in mediating FA differences between patients and healthy volunteers. Overall, Figure 2 Linear scatterplot of age with fractional anisotropy in the inferior longitudinal fasciculus. Note: The interactions of age and age 2 (not illustrated) with group were not statistically significant. Age and sex effects on white matter in psychosis A Schwehm et al female patients demonstrated lower FA across the white matter tracts in the absence of significant group-by-tract-bysex interactions. Kunimatsu et al (2012) reported that male patients demonstrated higher apparent diffusion coefficient (ADC) values in the left anterior cingulum, the bilateral cingulum, and the bilateral uncinate fasciculus, whereas female patients demonstrated higher ADC values in the right anterior cingulum, the left fornix, and the bilateral uncinate fasciculus. Moreover, age-associated sex differences were comparable in both patients and healthy volunteers arguing against accelerated aging effects in psychosis. The finding of lower FA within the inferior longitudinal fasciculus in two independent cohorts of patients strongly implicates disruption of this tract in the neurobiology of psychosis. The inferior longitudinal fasciculus is a major white matter tract that runs from the temporal to the occipital cortices above the optic radiation fibers and ventrally below the uncinate fasciculus without well-defined functions. Disruption of this white matter tract has been implicated in thought disorders, visual emotion, and cognitive impairment (Chanraud et al, 2010) , which have been reported in patients with psychosis, and especially individuals with visual and auditory hallucinations (Ćurčić-Blake et al, 2015) . A recent meta-analysis (Yao et al, 2013) reported disruption of the inferior longitudinal fasciculus in first-episode schizophrenia and has been identified as a potential biomarker of vulnerability to developing psychosis among early-onset patients (Epstein et al, 2014) .
We also identified abnormalities within the superior longitudinal fasciculus in patients with psychosis. This tract runs dorsally along an anterior-posterior course and has been implicated in the regulation of motor behavior (Tseng et al, 2013) and transfer of somatosensory information, including language articulation (Sarubbo et al, 2015) . White matter abnormalities in the superior longitudinal fasciculus have been reported both in schizophrenia (Karlsgodt et al, 2008) and psychotic bipolar disorder (Whalley et al, 2013) and are particularly robust in the early stages of psychosis (Samartzis et al, 2014) . Moreover, abnormalities in this tract and its connections have been identified among individuals at risk for developing psychotic disorders (Karlsgodt et al, 2009) , which predict neuropsychological and social/role functioning (Karlsgodt et al, 2008) .
There are several limitations to our study. The crosssectional nature of our study precludes firm conclusions regarding the trajectory of these differences that might otherwise be obtained through longitudinal designs. We could not disentangle the effects of illness progression that may occur in poor outcome patients and the potential effects of antipsychotic treatment (Szeszko et al, 2014) . Nevertheless, comparable effect sizes between younger and older patient groups argue against both possibilities. Moreover, the age range of the younger and older cohorts differed, which could conceivably bias the trajectory of the slopes. There is also the possibility of a cohort effect such that only a subgroup of younger patients may progress to become included in studies of older patients, and thus the latter group may not be representative of the former. It should also be acknowledged that accelerated aging in psychosis may be a heterogeneous process. We note taking the average of all voxels belonging to a tract in contrast to those with the highest FA in the middle of a tract (as is carried out in tract-based spatial statistics) as a potential study limitation and source of difference in findings from other studies. For example, Kochunov et al (2013) used tract-based spatial statistics to compute population average FA values along the 12 white matter tracts. Additional study limitations include possible substance use and/or taking medications other than antipsychotics at the time of the scan and the possible inclusion of individuals with anxiety and/or personality disorders, diabetes, and/or hypertension. Finally, we did not correct for motion induced by the cardiac cycle.
In sum, we provide a comprehensive investigation of multiple indices of putative white matter microstructure for nine white matter tracts in younger and older patients with psychosis from adolescence to middle adulthood. FA was lower in the inferior longitudinal fasciculus and superior longitudinal fasciculus in both patient cohorts compared with matched healthy volunteers. Our findings further argue against accelerated aging in the neurobiology of psychosis.
FUNDING AND DISCLOSURE
